INTRODUCTION
The objectives of tobacco breeding in recent years have been extended from the improvement of leaf yield, quality and disease resistance to suitability for cultural mechanization and post-harvest processes. As an aid in mechanical harvesting, the use of genotypes with the chlorophyll gene Py (pale yellow) to enhance uniformity in maturity of leaves from all stalk positions has been suggested (4, 5) . This reduces harvesting labor and, consequently, lowers production cost. The latter may be further lowered by homogenized leaf curing (HLC) instead of the conventional air and flue-curing processes (18) . More recently, the HLC process has been implemented with the removal of soluble protein as a byproduct for animal feeding and/or human consumption (7) . The deproteinized tobacco so produced should generate less hydrogen cyanide and other health related compounds. In the HLC process, protein quantity and quality are greatly affected by chlorophyll and polyphenol in leaf juice (7) . Polyphenol oxidation results in a loss of soluble proteins, whereas the aggregation of dllorophylls with soluble proteins deteriorates protein quality. These problems may be partially overcome by use of tobacco genotypes conferring low polyphenol and dllorophyll conrent. Burley tobacco as a dtlorophyll-deficient mutant contains less polyphenol than bright and dark tobaccos (14) . A recent study also indicated that Burley tobacco retains more soluble proteins than bright tobacco in mature leaves (12) . This led to the consideration of using other chlorophyll-deficiency genes for further improvement of tobacco genotypes suitable for the HLC process
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in conjunction with a maximal yield of leaf proteins. A yellow-green (yg) chlorophyll-deficient mutant contains the lowest amount of chlorophylls, but its polyphenol content is as high as in bright tobacco (15) . A Burley breeding line carrying the ygyg genotype was developed at the Kentucky Agricultural Experiment Station but has not yet been evaluated for leaf chemical constituents. The present study was initiated to compare a number of tobacco cultivars and breeding lines, representing four tobacco types and six dtlorophyll genotypes, under Burley cultural methods, for their suitability in the HLC process. Specific emphasis was placed on leaf protein and its relationship with polyphenols and chlorophylls during the growing season.
MATERIALS AND METHODS
In addition to the chlorophyll-deficiency genes, yb 1 dark fire-cured and Maryland tobacco types, were chosen for a field experiment which was carried out on the Kentudty Agricultural Experiment Farm of the University of Kentudty at Lexington in 1978. The field layout was a randomized block experiment with three replications, each of which contained 30 plants per row. Conventional Burley cultural practices as previously described (12) were followed throughout the growing season. Six weeks after transplant (July 17), middle-stalk leaves were sampled from eadl row; and, subsequently, eight samples were taken in the same manner at oneweek intervals. All plants were topped on August 14 and harvested on September 11. Eadt fresh leaf sample was divided into two half-leaf groups, one of wbidl was immediately extracted and the other was freeze-dried. The fresh leaf extract was used for quantitation of free amino acids, total soluble protein, Fraction I protein* (F I protein) and Fraction 11 protein (F 11 protein). Analytical methods have been described in a recent paper (16) , Plastid pigments, polypbenols, total nitrogen, protein nitrogen, nitrate nitrogen and alkaloids were analyzed with the freeze-dried tissues whidl had been ground in a Wiley mill to pass through a 40-mesh screen. Chlorophyll quantitation was by the method of Amon (1) , whereas carotenoids were quantified according to the procedure described by Davies (6) . Chlorogenic acid and rutin were determined by colorimetric methods (13) and the sum of their quantities was regarded as total polyphenols. The amount of alkaloids was colorimetrically measured in methanol extract (9) . Nitrate nitrogen and total nitrogen followed the same quantitative methods previously reported (16) . Data were subjected to the analysis of variance according to a split-plot design with the dtlorophyll genotypes as the main plots and the sampling dates as the subplots. Md.609 was 270 mg I g dry weight, which is significantly greater than the others. A decrease in soluble proteins after topping was a common phenomenon for all tobaccos, although the rate of protein loss varied. Two weeks after topping, Ky171 led with 166.6 mg I g dry weight followed by Md.609 (160.0 mg I g dry weight) and SC58-yg (154.6 mg I g dry weight), all of whidt were statistically significantly different from each other at the 5Gio level of probability. At the same growth state, Ky14 contained 153.2 mg soluble proteins I g dry weight, whidt is comparable to the level measured in SCSB-yg. Soluble protein concentrations at harvest in the eight tobaccos may be divided into high and low groups. Within the former, Ky14 and Burley 21-yg had 164.4 and 156.3 mg lg dry weight respectively, which does not differ statistically. This is followed by Ky171 (154.3 mg I g dry weight) and Md.609 (149.3 mg ~ g dry weight), both of which are significantly less than Ky14. The remaining four tobaccos in the low group varied in the concentration from 113.7 to 124.2 mg I g dry weight.
RESULTS
Degradation of insoluble and soluble proteins affects not only the amount of soluble proteins but also that of free amino acids in the leaf. Generally, insoluble protein accumulated to a maximum level around the middle and latter half of July, and declined in later samplings, but there was considerable fluctuation from week to week on some genotypes (Table 2) . By harvest time, the insoluble protein decreased by nearly 6001o. Within a given sampling date, the difference of insoluble protein content among the eight tobaccos was not significant before topping but varied two to fourfold in the ma- .,. • t = topping, h = harvest, n.s. = not significant.
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ture and senescent leaves. The averaged quantities of free amino acids among the eight wbaccos ranged from 29.9 mg I g dry weight in Burley With the exception of carotenoids in SC58-yg, the concentration of plastid pigments in all tobaccos changed significantly during the growing season (Table 4) . Four cultivars shared a comparable level of chlorophylls at the beginning of sampling but their quantitative differences became apparent as the plants grew. Ky14 accumulated the least amount of chlorophylls, as would be expected, due to the expression of chlorophyll genes yb 1 and yb 1 • Carotenoid quantity varied in die same pattern as chlorophylls. When the Py and yg lines were compared with the normal d!.lorophyll genotypes, it was found that the latter were richer in plastid pigments in all cases. Between the Py and yg genotypes, the Py lines accumulated more plastid pigments than the yg lines. The expression of yg phenotype on the Burley 21 ba<kground resulted in the lowest concentrations of chlorophylls and carotenoids among all the tobaccos analyzed, especially during the late growing season. On the basis of middle-stalk leaves, the quantity of chlorogenic acid fluctuated within the limits of statistical significance among sampling dates in NC95, Ky14, Ky171, Md.609 and SC58-yg (Table 5 ). The latter had larger amounts of chlorogenic acid than Burley 21-yg. In comparison to Ky14, the presence of the yg gene in Burley 21 slightly increased chlorogenic acid in the early growing season and accumulated more rutin after topping. On the other hand, the effect of the Py gene on chlorogenic acid content in bright and Burley tobaccos took place only after topping. Since chlorogenic acid is the predominant polyphenol in tobacco leaf (14), the variation of total polyphenols closely paralleled that of chlorogenic acid during the growing season in all tobacco types and chlorophyll mutants.
DISCUSSION
In the present study, the diverse tobacco types and a number of chlorophyll gene recombinants failed to exert any effect on the soluble protein content prior to topping. Leaf growth is apparently accompanied by the accumulation of F I protein.
If proteins from young tobacco plants were used as a food source, as recently suggested by WUdman (19) , the improvement of tobacco leaf protein yield through breeding for high protein genotypes is unlikely to be fruitful. However, leaf protein yield per hectare might be maximized if breeding objectives were directed to plant growth vigor, high biomass, and a greater percentage of leaf weight in biomass. Vigorous growth and fast su<ker regeneration would make it possible to harvest foliage more than once per growing season. If the growth season permitted three foliage harvests per year, tobacco could produce more protein per hectare than alfalfa and soybean on the basis of protein yield at the immature plant stage as described in the companion paper (12) .
With the advancement of technology, it becomes evident that tobacco can be a major protein crop for the future. Crystallization of F I protein can be readily achieved in the extract of young leaves (3, 11) but is more difficult with the mature le~f extract as in the case of the HLC process. The latter is probably attributable to the low concentration of soluble proteins, especially Fraction I protein, and a large quantity of polyphenols in mature leaves. Since crystalline FI protein has a high commercial value, as indicated by Ersholf et al. (8) , the cultivation of young tobacco plants in high density could be logically adapted for the production of high quality protein as the major product and the deproteinized, fibrous residue as a by-product. One should also think of the potential usage of the by-product. For instance, the residue might be an ideal material for the manufacture of neutral tobacco materials because the chemical corn· position of immature tobacco would expectedly generate low condensate and nicotine levels in cigarette smoke.
The HLC process was developed for. the benefit of tobacco farmers in saving labor and of cigarette smokers by providing them with a safer tobacco material. Application of HLC to recover protein as a by-product furthers the benefit to farmers, smokers, and non-smokers alike, as suggested by Tso (17) . With this process, tobacco leaves have to be properly mature as judged by leaf yellowing, since the green coloration of the HLC product is undesirable. Mature tobacco leaves, however, contain a large amount of polyphenols, which can interfere with the extraction of soluble leaf protein, and this causes a deterioration in protein quality. The present study showed that at harvest, the soluble protein contents of Ky14 and Burley 21-yg are 164.4 and 156.4 mg I g dry weight respectively. These values are significantly greater than others.
In particular, the mature leaf of Burley 21-yg is also low in chlorophyll and polyphenol content, suggesting that this chlorophyll genotype is suitable for the HLC process when coupled with protein recovery. However, the protein by-product from the HLC is obtained by a heating process, and its chemical composition and nutritional value are yet to be evaluated (7) . Furthermore, the mature leaf of Burley 21-yg line contains high alkaloids. Alkaloid content in tobacco is known to be governed by genetic factors (10) . Selection among the sublines of Burley 21-yg for low-alkaloid content is feasible since the non-recurrent parent SC58-yg is significantly lower in alkaloid quantity than Burley 21-yg in mature leaves ( Table 3) . The use of dtlorophyll-deficiency genes to accelerate the yellowing of upper leaves has been suggested for tobacco production in the flue-cured region (4, 5) . This reduces labor costs by reducing the number of primings or medtanical harvestings. In the Burley growing region, a rapid yellowing of upper leaves would definitely enhance the uniformity of leaf maturation in a plant and thus minimize the loss of bottom leaves prior to harvest. The present study showed that the breeding lines carrying the dtlorophyll-deficiency genes Py and yg showed no changes in the quantity of chemical constituents, except plastid pigments and/or polyphenols, in green leaves when compared with the KyH Burley cuhivar. This indicates that these chlorophyll-deficiency genes could be used in Burley production. However, how they modify the dtemical composition in air-cured Burley leaves is yet to be determined.
SUMMARY
Bright and Burley tobacco breeding lines carrying the chlorophyll-deficiency genes Py and yg were compared with the corresponding normal genotypes and dark firecured and Maryland tobacco types during the growing season for the quantity of proteins and chemical constituents affecting the quality of homogenized cured leaves. Varietal difference in soluble leaf protein content was not observed in the immature plant stage but became evident upon approach to leaf maturation. Fraction I protein (FI protein) accumulated to a maximum level of about 130 mg/ g dry weight in all tobaccos analyzed before topping. The greatest quantity of Fraction 11 protein (FII protein), ranging from 100 to 160 mg I g dry weight, occurred one to two weeks after maximum FI protein accumulation. FI protein concentration decreased at a faster rate than F 11 protein during leaf maturation and senescence. Among the chlorophyll genotypes, Ky14 and Burley 21-yg had the highest amounts of soluble leaf proteins and the lowest levels of plastid pigments and/or dtlorogenic acid. These characteristics are desirable for the homogenized leaf curing (HLC) process, which yields smoking material as a main product and heat-denatured protein as a by-product. The present results also suggest that tobacco can be grown for the production of both water-sol.~ble and insoluble proteins as main products and deproteinized fibers as a by-product. In this regard, protein production would be affected by the yield of leaf biomass since the con 
